This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT . 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(vj) Publication number: 0 482 837 A1 



EUROPEAN PATENT APPLICATION 



(21) Application number: 91309632.7 
@ Date of filing: 18.10.91 



© Int. CI. 6 : B41M5/00 



@ Priority: 2410.90 US 603787 

@ Date of publication of application : 
29.04.92 Bulletin 92/18 



@ Designated Contracting States : 
CH DE FR GB IT U 



57) Applicant: MINNESOTA MINING AND 
MANUFACTURING COMPANY 
3M Center, P.O. Box 33427 
St Paul, Minnesota 55133-3427 (US) 



(72) Inventor : Stofko, John J., Jr., c/o Minnesota 
Mining and 

Man ufa ct Co., 2501 Hudson Road. P.O. Box 
33427 

St. Paul, Minnesota 55133-3427 (US) 
Inventor : Iqbal, Mohammad, c/o Minnesota 
Mining and 

Man uf act Co., 2501 Hudson Road, P.O. Box 
33427 

St. Paul, Minnesota 55133-3427 (US) 

g) Representative : Balllle, lain Cameron ©t al 
c/o Ladas & Parry, Althelmer Eck 2 
W-8000 Munchen 2 (DE) 



CO 

co 

CM 
00 



(54) Transparent liquid absorbent materials. 

@ This invention relates to transparent materials that are capable of absorbing liquids, and, more 
particularly, to materials that can be used as ink-receptive layers for transparent irnageable materials. 
Transparent materials that are capable of absorbing significant quantities of liquid, while maintaining 
some degree of durability and transparency, are useful in contact lenses, priming layers for aqueous 
coatings, fog-resistant coatings, and transparent Irnageable materials for use In mechanized Ink 
depositing devices, such as pen plotters and ink-jet printers. Compositions useful as transparent liquid 
absorbent materials have been formed by blending a liquid-Insoluble polymeric material with a 
liquid-soluble polymeric material. A problem that frequently arises in the formulation of polymer blends 
is the incompatibility of the polymers being blended. It is well-known that polymeric materials having 
widely differing properties generally tend to be incompatible with one another. When attempts are made 
to blend polymers that are incompatible, phase separation occurs, resulting in haze, lack of transpa- 
rency, and other forms of nonhomogeneity. This invention provides a liquid-absorbent composition 
comprising (a) a polymeric matrix component comprising crossJ inked silanol moieties, and (b) a 
liquid-absorbent component comprising a water-absorbent polymer, preferably a water-soluble 
polymer. This composition is capable of forming liquid-absorbent semi-interpenetrating polymeric 
networks, which are capable of absorbing significant quantities of those liquids that are solvents for the 
uncrosslinked portion of the network without loss of physical integrity and without leaching or other 
forms of phase separation. The compositions of this invention provide polymeric matrices which result 
in transparent coatings capable of providing improved combinations of ink absorption and durability, 
while at the same time retaining transparency and being amenable to the types of processing commonly 
used in producing transparent graphical materials. 
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Background of the Invention 

1. Field of the Invention 

5 This invention relates to transparent materials that ate capable of absorbing liquids, and, more particularly, 

to materials that can be used as ink-receptive layers for transparent imageable materials. 

2. Discussion of the Art 

10 Transparent materials that are capable of absorbing significant quantities of liquid, while maintaining some 

degree of durability and transparency, are useful in contact lenses, priming layers for aqueous coatings, fog- 
resistant coatings, and transparent imageable materials for use in mechanized ink depositing devices, such 
as pen plotters and ink-jet printers. Transparent imageable materials are used as overlays in technical drawings 
and as transparencies for overhead projection. It is desirable that the surface of liquid absorbent materials for 

15 use in transparent graphical applications be tack free to the touch even after absorption of significant quantities 
of ink. 

During normal use of pen plotters and ink-jet printers, the inks used in such machines are exposed to open 
air for long periods of time prior to imaging. However, even after such exposure to air, the ink must stiil function 
in an acceptable manner, without deterioration, and, in particular, without loss of solvent. In order to meet this 

20 requirement, ink formulations typically utilize solvents of very low volatility, such as water, ethylene glycol, pro- 
pylene glycol, and other Ike solvents. Inks such as these which contain water and water-miscible solvents, will 
hereinafter be called aqueous inks, and the solvents used therein will hereinafter be called aqueous liquids. 
Materials that are receptive to aqueous liquids will hereinafter be called hydrophilic compositions. 

Because of the low volatility of aqueous solvents, image drying by means of evaporation is very limited. In 

2$ the case of imaging onto paper, a significant amount of the solvent diffuses into the sheet. Because of the fibrous 
nature of paper, drying by diffusion occurs very rapidly, and the surface appears dry to the touch within a very 
short time. In the case of imaging onto polymeric film, some means of absorbing aqueous solvents is needed 
if satisfactory image drying is to occur. 

Compositions useful as transparent liquid absorbent materials have been formed by blending a Ikjuid- 

30 insoluble polymeric material with a liquid-soluble polymeric material. The liquid-insoluble material is presumed 
to form a matrix, within which the liquid soluble material resides. Examples of such blends are the transparent 
water absorbent polymeric materials disclosed in U.S. Patent Nos. 4,300,820 and 4,369,229, wherein the matrix 
forming polymer is a terpolymer comprised of hydrophobic monomelic units, hydrophilic monomelic units, and 
acld-contalnlng monomeric units, with the water-soluble portions of the compositions being polyvinyl lactams. 

35 Other examples of blends comprising water-soluble and water-Insoluble polymeric compositions are dis- 

closed in European Patent Application No. EP 0 233 703, wherein water-insoluble acrylic polymers having acid 
functionality are blended with polyvinyl pyrrolldone for use as Ink-receptive layers on films to be Imaged by Ink- 
Jet printers or pen plotters. 

A problem that frequently arises in the formulation of polymer blends is the incompatibility of the polymers 

40 being blended. It is well-known that polymeric materials having widely differing properties generally tend to be 
incompatible with one another. When attempts are made to blend polymers that are incompatible, phase sepa- 
ration occurs, resulting in haze, lack of transparency, and other forms of nonhomogenetty. 

Compatibility between two or more polymers in a blend can often be improved by incorporating into the 
liquid-insoluble matrix-forming polymer chains monomeric units that exhibit some affinity for the liquid-soluble 

45 polymer. Polymeric materials having even a small amount of acid functionality, as in the patents cited previ- 
ously, are more likely to exhibit compatibility with polyvinyl lactams. Generally, the compatibility of polymers 
being blended is improved if the polymers are capable of hydrogen bonding to one another. 

A second form of incompatibility noted in using blends of liquid-absorbent polymers is the incompatibility 
of the matrix forming insoluble polymer with the liqu id being absorbed. For example, if the liquid being absorbed 

so is water, and if the water-insoluble polymers are hydrophobic, some inhibition of water absorption ability can 
be expected. One method of overcoming this difficulty is to utilize hydrophilic matrix polymers that are not water 
soluble at the temperatures at which they are to be used, though they may be water soluble at a different tem- 
perature. In U.S. Patent No. 4,503,111, ink-receptive coatings comprising either polyvinyl alcohol or gelatin 
blended with polyvinyl pyrrolidone are disclosed. Both polyvinyl alcohol and gelatin, being water-insoluble at 

55 room temperature, are able to act as matrix forming polymers for these coatings, and the coatings are quite 
receptive to aqueous inks. However, the coatings do exhibit a tendency to become tacky, either because of 
imaging, or because of high humidity. 

It therefore becomes dear that while blends of soluble and insoluble polymers may be useful as liquid 
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wherein 

2 represents a,p-ethylenlcally unsaturated monomers, preferably selected from the group consisting or 
acrylonttrfe, allyl acetate, methyl acrylate, methyl methacrylate, stllbene, Isostllbene, styrene, norbomene, vinyl 
acetate, vinyl chloride, vinylkJene chloride, vinylpyrrolidone, vinyl ethers having up to 18 carbon atoms, e.g., 
dMnylether, chloroethytvlnyl ether; 

Ri represents a divalent alkyl group, preferably having up to 10 carbon atoms, more preferably not more 

than 5 carbon atoms; 

R2, R* t and R* independently represent alkoxy groups having up to about 5 carbon atoms, more prefer- 
ably not more than about 3 carbon atoms; and 

R6 represents a substituted or unsubstituted alkyl group, preferably having up to 1 0 carbon atoms, more 
preferably not mora than 5 carbon atoms, or a substituted or unsubstituted aryi group, preferably having up to 

14 carbon atoms. ^ 

Suitable substituents for R* include alkoxy, -OH, -COOH, -COOR, halide, and -NR 2 . wherein R represents 
an alkyl group, preferably having up to 5 carbon atoms, more preferably not more than 3. 

The relative amounts of the two types of pendant groups in polymer (d) ara determined by the relative 
amounts of compounds (b) and (c) used in the grafting solutions. The molar ratio of compound (c) to compound 
(b) can be in the range of about 3 to about 6, with the preferred ratio being in the range of about 4 to about 5. 

A discussion of the copolymerization of these monomelic units with maleic anhydride and the properties 
of the resulting copolymers can be found in Brownell, G. L, "Acids, Maleic and Fumade," in Encyclopedia of 
Polymer Science and Technology, Vol. 1, John Wiley & Sons, Inc., (New Yoric1964), pp. 67-95, 

It has been found that for certain applications, the properties of the SIPN can be improved if R B is derived 
from more than one type of group. For example, if some of the R^ groups are oligomeric polyether groups, the 
dimensional variability due to varying moisture content of the SIPN can be reduced. This feature is desirable 
for SIPNs that are to be coated onto flexible substrates such as films, since dimensional changes in the coated 
layers tend to curl the film. 

Additionally, improved properties can be achieved If more than one type of backbone polymer is used. For 
example, a backbone polymer wherein Z is polymerized from styrene and has one predominant grafted-on pen- 
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dant group can be combined with a second backbone polymer wherein Z represents methyl vinyl ether and 
has other grafted-on pendant groups. 

Groups that have been found to be particularly useful for R6 include alkoxy-substituted alkyl groups such 
as -CH 2 CH 2 OCH 3 , CH 2 CH 2 OC 2 H 5 , and -(Cr^OCHtCHik; alkanoic acids such as -<CH 2 } 6 COOH; and multi- 
hydroxyi substituted alkyl groups such as the group derived from d-glucamine. An oligomeric polyether group 
that has been found particularly useful for improving dimensional stability is the polyether group: 

-CHCH a -+OCHCH,-)^-OCH 2 CH a OCH s , 
CH 3 R 



73 
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25 
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where R represents H or CHa, or both, and n is selected such that the molecular weight of the polyether group 
is in the range of 600 to 2000. 

It is desirable for the amines (b) and (c) in the polymer (d) to be soluble in the solvent medium, both before 
and after the hydrolysis reaction. Since commonly used solvent media include combinations of methyl ethyl 
ketone, alcohols, and water, all of which are strongly hydrogen bonding, the incoiporation of hydrogen bonding 
moieties into R 1 . R 2 , R a , R\ and R 6 , is helpful in promoting solubility in the solvent system used. 

Reaction (I) can be conveniently carried out by dissolving the copolymer containing maleic anhydride 
groups (compound (a) in reaction (I)) in methyl ethyl ketone, and, in a separate vessel, dissolving the amines 
(compounds (b) and (c)) in an alcohol, such as methanol or ethanol, and mixing the two solutions. This reaction 
proceeds rapidly with agitation at room temperature. 

After the grafting reaction has been completed; the hydrolysis reaction can be performed by adding water 
to the solution and stirring the resulting mixture at room temperature. It has been found that an amount of water 
approximately equal to the amount of methyl ethyl ketone present in the solution is sufficient to effect hydrolysis 
at room temperature in about one hour. 

Once hydrolysis is complete, the resulting matrix polymer can be crosslinked by removal of water and other 
solvents from the system, according to the reaction: 



(ID 
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OH 
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O 



OH-Si-OH 



/\/\/\/\/\cHv>y\/\/v\ 



45 



The symbol /\/\/\ represents a polymeric backbone containing a plurality of unsubstituted or substi- 
tuted -CHr groups. Additionally, crossiinking may occur, and often does occur, at more than one of the -OH 
groups attached to the Si atom. 

While it is the primary function of the matrix component of the SIPN to impart physical integrity and durability 
to the SIPN, it is the primary function of the absorbent component to promote liquid absorbency. When aqueous 
liquids are to be absorbed, the absorbent component of the SIPN must be water absorbent, and preferably, 
water soluble. A particularly preferred class of water-soluble polymers is the polyvinyl lactams, the most readily 
available and economically suitable of which is polyvinyl pyrTolidone. 

Copolymers of acrylates and vinyl lactams have also been found useful as absorbent components. For the 
case where the SIPN is to function primarily as a liquid transmissive medium, and where mechanical durability 
and low tack are important, a particularly useful absorbent component is polyvinyl alcohol. Alternatively, non- 



5 



EP0 482 837 A1 



cyclic, amide-containing, water-soluble polymers, such as polyethyl oxazoline, can comprise the absorbent 
component of the SIPN. 

It has further been found that in some cases, a blend of two or more hydrophilic or water-soluble polymers 
may provide the most desirable combination of properties for the absorbent component. For example* an absor- 

5 bent component containing a blend of polyvinyl alcohol and polyvinyl pyrrolidone has been found to provide 
improved adhesion for SIPNs applied as coatings to some solid substrates. 

When polyvinyl pyrrolidone Is used as the absorbent component of the SIPN and polymer (d) Is used as 
the matrix component of the SIPN, good absorption of aqueous Inks Is obtained at room temperature If the 
polyvinyl pyrrolidonB comprises at least about 30% by weight of the SIPN, more preferably at least about 50% 

w by weight of the SIPN. Higher absorption can be obtained, at the expense of durability, when polyvinyl pyrrolk 
done is present in greater amounts. When polyvinyl pyrrolidone comprises more than about 80% of the SIPN, 
the matrix component is notable to form a complete network, and the entire composition loses its physical integ- 
rity when exposed to aqueous liquids. 

In cases where the SIPNs of the invention are to be used as liquid-receptive layers borne by solid subs- 

13 trates, as in transparent graphical materials, it is convenient to apply such layers to the substrates by way of 
liquid solution coatings, which are subsequently dried to form a solid layer. It has been found that the amount 
of heat required to accomplish the drying in a reasonable time is usually sufficient for causing crosslinking of 
the matrix component to occur. However, heat is not necessary for crosslinking. 

When the matrix polymer is prepared in solution, as described previously, it is convenient to prepare the 

20 solution of the absorbent component in a separate vessel and add it to the solution of matrix polymer, thereby 
forming the SIPN solution blend. In some cases, it may be necessary to combine the solutions in a particular 
order, so as to assure that the various reactants and products obtained will remain in solution. Experimental 
methods for determining a suitable orderfor combining solutions will be apparent to one of ordinary skill in the 
art 

25 Coating can be conducted by any suitable means, such as a knife coater, rotogravure coater, reverse toll 
coater, or other conventional means, as would be apparent to one of ordinary skill in the art. Drying can be 
accomplished by means of heated air. If preferred, an adhesion promoting priming layer can be interposed be- 
tween the applied coating and the substrate. Such priming layers can include primer coatings or surface treat- 
ments such as corona treatment, or other appropriate treatment as would be apparent to one of ordinary skill 

30 in the art. Adhesion of the SIPN layer can also be promoted by interposing a gelatin sublayer of the type used 
in photographic film backing between the priming layer and the SIPN layer. Particularly useful sublayer compo- 
sitions are disclosed in European Patent Application No. EP 0 301 827, wherein inorganic oxide particles that 
have been treated with silanes and coated onto primed polymeric film are stated to be effective as an adhesion 
promoting sublayer. Film backings having both a priming layer and a gelatin sublayer are commercially avall- 

35 able, and are frequently designated as primed and subbed film backings. 

It will further be recognized that the SIPN solutions of the present invention may contain additional mod- 
ifying Ingredients such as adhesion promoters, surfactants, viscosity modifiers, and like materials, as would 
be deemed useful by one of ordinary skill In the art, provided that such additives do not adversely affect the 
functioning of the invention. 

40 Where the SIPNs of the present invention are to be used to form the ink absorbing layers of films for use 
in ink-jet printers, it is preferred that the backing of the film have a caliper in the range of about 50 to about 125 
micrometers. Films having calipers below about 50 micrometers tend to be too fragile for graphic arts films, 
while films having calipers over about 125 micrometers tend to be too stiff for easy feeding through many of 
the imaging machines currently in use. Backing materials suitable for graphic arts films include polyethylene 

45 terephthalate, cellulose acetates, polycarbonate, polyvinyl chloride, polystyrene, and polysulfone. 

When the SIPNs of the present invention are to be used to form ink absorbing layers of films for ink-jet 
printing, the SIPN layer may further be overcoated with an ink-permeable anti-tack protective layer, such as, 
for example, a layer comprising polyvinyl alcohol in which starch particles have been dispersed, or a semi- inter- 
penetrating polymer network in which polyvinyl alcohol is the absorbent component A further function of such 

so overcoat layers is to provide surface properties which help to properly control the spread of ink droplets so as 
to optimize image quality. 

In addition to the polymeric materials comprising the SIPN, other modifying ingredients, such as surfac- 
tants, particles, and other like additives may be added to the formulation for the overcoat layer to improve ink 
flow, dot spread, or other aspects of ink receptivity for the purpose of improving image appearance. 
55 In order to more fully illustrate the various embodiments of the present invention, the following non-limiting 
examples are provided. 
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Example I 

The purpose of this example is to illustrate the use of an SIPN of the present invention as a single layer 
hydrophilic coating that is capable of absorbing aqueous ink. 

5 A solution of the grafting material was prepared by first dissolving 0.07 g of 3-aminopropyltriethoxysilane 

(Aldrich Chemical Co., Inc.) and 0.22 g of 2-methoxyethylamine {Aldrich Chemical Co., Inc.) in 7.9 g of 
methanol. In a separate vessel, a solution of the backbone polymer was prepared by dissolving 0,5 g of a 
copolymer of methyl vinyl ether and malelc anhydride ("Gantrez" AN-169, GAF Chemicals Corporation) In 9.5 
g of methyl ethyl ketone. The solutions of the grafting material and the backbone polymer were then combined 

w and stirred to provide a dear, viscous liquid. A solution of the absorbent component was prepared In a separate 
vessel by adding 1.5 g of poly vinyl pyrrolidone, (K-90, GAF Chemicals Corporation) to 1 3.5 g of deionized water 
and stirring the resulting mixture until a cleat solution was formed. The solution of the absorbent component, 
along with 15.0 g of water, was added to the previously prepared combined solutions of the grafting material 
and the backbone polymer, and the resulting mixture stirred at room temperature until a clear solution was 

73 obtained. 

An ink-receptive layer was formed by coating the solution so prepared onto a sheet of poly vinylidene chlo- 
ride-primed (hereinafter PVDC-primed) and gelatin-subbed polyethylene terephthalate film having a caliper of 
100 micrometers ("Scotchpar" Type PH primed and subbed film, available from Minnesota Mining and Man- 
ufacturing Company) by means of a knife coater adjusted so as to apply a liquid layer having a wet thickness 
20 of 1 25 micrometers. The liquid layer was dried in a forced air oven at a temperature of 90°C for a period of five 
minutes. 

The ink receptivity of the dried layer was tested by writing on it with a pen which used an aqueous ink ("Exp- 
resso" brand pen, Sanford Corp. Bellwood, IL). The ink image dried sufficiently in 1 0 seconds to be non-smear- 
able when gently rubbed with the finger. 
25 It was further noted that the SIPN layer tended to become tacky at relative humidities of about 90% or gre- 
ater. 

Example II 

so The purpose of this example is to illustrate the use of an SIPN of the present invention as an underiayer 

of an ink-receptive bilayer, and the improvement in drying time that can be achieved by coating the SIPN layer 
with an overcoat layer comprising a single polymeric coating having starch particles dispensed therein. 

A solution for preparing an overcoat layer was prepared by dissolving 0.15 g of polyvinyl alcohol ('Vinor 
540, Air Products and Chemicals, Inc.) and 0.0375 g of xanthan gum ("Keltrol TF\ Keico Division of Merck & 

35 Co., Inc.) In a solvent blend containing 3.37 g of deionized water and 1.44 g of ethanol. In a separate vessel, 
a slurry containing 5% by weight of starch particles ("Lok-Size" 30 Starch, A.E. Staley Manufacturing Co.) in 
water was prepared by dispersing the particles, by stirring, In deionized water at room temperature. A 0.5 g 
quantity of this slurry was added to the solution for preparing the overcoat layer and mixed, at room temperature, 
until a uniform suspension of starch particles in that solution was obtained. 

40 This solution was then applied over a dried SIPN layer as prepared in Example I by means of a knife coater 

adjusted so as to apply a liquid layer having a thickness of 75 micrometBrs. The liquid layer was dried in a forced 
air oven at a temperature of 90°C for a period of frve minutes. 

The resulting ink-receptive bilayer was tested by imaging with a Hewlett-Packard PaintJet color ink-jet 
printer. Spreading of the ink droplets after striking the ink-receptive layer was within an acceptable range for 

as good image appearance. Drying of the resulting images was tested by contacting the imaged surface with a 
12.7 millimeter wide strip of bond paper, gently smoothing the paper over the image with a finger, removing 
the paper from the imaged surface, and noting whether ink from the image transferred to the paper. This test 
was performed at time intervals of about one minute, and the time at which detectable ink transfer to the paper 
ceased was determined to be the drying time. 

so In a similar mannet, the tack time of the imaged surface was measured by means of a strip of PVDC-primed 
and gelatin-subbed polyethylene terephthalate film ("Scotchpar" Type PH primed and subbed film) having a 
caliper of about 100 micrometers and a width of about 1Z7 millimeters. Tack was detected by placing the strip 
of film over the imaged area, smoothing it down by gentle rubbing with a finger, pulling the strip away from the 
surface, and noting whether or not the strip tended to cling to the imaged surface. This test was performed at 

55 approximately one minute time intervals, until the strip failed to cling. The time at which clinging ceased was 
taken to be the tack time. 

In the present example, drying time was found to be 30 seconds, and tack time was found to be under four 
minutes, which were considered to be sufficiently rapid for an ink-jet film intended for use in overtiead projection. 
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was then formed by adding 60.0 g of deionized water to the previously combined solutions. 

A solution of the absorbent component was prepared by dissolving 3.0 g of polyethyl oxazoline (PEOX, 
High Molecular Weight Grade, The Dow Chemical Company) in 1 5.0 g of deionized water. The solution so prep- 
ared was then added to the solution of matrix polymer and the resulting mixture was stirred, at room tempera- 

5 ture, for one hour, thereby forming a solution for the underiayer. 

The underiayer of an ink-receptive bilayer coating was formed by applying the SIPN solution for the under- 
layer onto PVDC-primed and gelatin-subbed polyethylene terephthalate film ("Scotchpar* Type PH primed and 
subbed film) by means of a knife coater adjusted to apply a liquid layer having a thickness of 100 micrometers. 
Drying was conducted in a forced air oven at a temperature of 90°C for five minutes. 

io A solution of the grafting material for the overcoat layer was prepared by dissolving 0.28 g of 3-amlnop- 
ropyitriethoxysilane (Aldrich Chemical Co., Inc.) and 0.48 g of ethoxyethyiamine (Columbia Chemical Co., Inc.) 
in 5.9 g of methanol. A solution of the backbone polymer for the overcoat layer was prepared by dissolving 1 .0 
of a copolymer of methyl vinyl ether and maleic anhydride ("Gantrez" AN-169, GAF Chemicals Corporation) in 
19.0 g of methyl ethyl ketone. The solution of the backbone polymer was then combined with the solution of 

15 the grafting material and the resulting solution stirred for five minutes. The solution of matrix polymer was then 
formed by adding 60.0 g of deionized water to the combined solutions. 

A solution of the absorbent component was prepared by dissolving 3.0 g of polyvinyl alcohol ("Vinol" 540. 
Air Products and Chemicals, Inc.) in 60 g of water. The solution so prepared was then added to the solution of 
matrix polymer and the combined solutions were stirred for one hour, thereby forming a solution for the overcoat 

2D layer. 

A bilayer coating was formed by applying the SIPN solution for the overcoat layer over the previously coated 
underiayer by means of a knife coater adjusted to apply a liquid layer having a wet thickness of 75 micrometers. 
Drying was conducted in a forced air oven at a temperature of 90°C for five minutes. 

The bilayer coating exhibited a high level of haze, even though the individual layers, when coated sepa- 
25 lately onto PVDC-primed and gelatin-subbed polyethylene terephthalate film ("Sootchpar" Type PH primed and 
subbed film) did not exhibit haze. 

Example V 

30 The purpose of this example is to illustrate the use of an aminoalkanoic acid a9 a pendant group for a matrix 

polymer in an SIPN of the present invention that is particularly resistant to becoming tacky when used as an 
overcoat layer in an ink-receptive bilayer coating. 

A solution of the grafting material was prepared by dissolving 0.7 g of 3-aminopropyltriethoxysiIane (Aldrich 
Chemical Co., Inc.) and 0.42 g of 6-amlnocaprolc acid (Aldrich Chemical Co., Inc.) In a blend containing 4.0 g 

35 of water and 7.0 g of methanol. In a separate vessel, a solution of the backbone polymer was prepared by dis- 
solving 1.0 g of a copolymer of methyl vinyl ether and maleic anhydride fGantrez" AN-169, GAF Chemicals 
Corporation) In 19.0 g of methyl ethyl ketone. The solution of the grafting material and the solution of the back- 
bone polymer were combined and the resulting solution mixed for not more than five minutes. It was found that 
longer mixing times caused the solution to gel and become insoluble. A solution of the absorbent component 

40 was prepared by dissolving 3.0 g of polyvinyl alcohol ("Vinor 540, Air Products and Chemicals, Inc.) in 57.0 g 
of deionized water. The solution of the absorbent component was then added to the combined solution of the 
backbone polymer and the grafting material, along with 60.0 g of water, and the resulting mixture stirred to form 
an SIPN solution. 

The SIPN solution so prepared was used to form an overcoat layer by coating it over a dried underiayer 
45 such as that prepared in Example I by means of a knife coater adjusted so as to apply a liquid layer having a 
thickness of 100 micrometers. The liquid layer was then dried in a forced air oven at a temperature of 90°C for 
frve minutes. 

Ink receptivity was found to be good, and the ink-receptive layer was found to be particularly resistant to 
becoming tacky at high humidities. 

so 

EXAMPLE VI 

The purpose of this example is to illustrate the improvement in dimensional stability of SIPNs of the present 
invention that can be achieved when suitably chosen oligomeric chains are grafted onto the matrix polymer. 
55 A solution of the grafting material was prepared by dissolving 1.0 g of polyoxyalkyieneamine ("Jeffamine" 
M-1 000, Texaco Chemical Co.) in 10.0 g of methyl ethyl ketone. In a separate vessel, a solution of the backbone 
polymer was prepared by dissolving 2.0 g of a copolymer of methyl vinyi ether and maleic anhydride ("Gantrez" 
AN-139, GAF Chemicals Corporation) in 18.0 g of methyl ethyl ketone. The solution of the backbone polymer 
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was then poured into the solution of the grafting material and the resulting solution mixed to form a solution 
containing a backbone polymer having pendant oligomeric groups. In a separate vessel, a solution of another 
grafting material was prepared by dissolving 0.28 g of 3-aminopropyltriethoxysi!ahe (Aldrich Chemical Co., Inc.) 
and 1.0 g of 3-isopropoxypropylamine (Aldrich Chemical Co., Inc.) in 10.0 g of methanol. The solution of back- 
bone polymer having pendant oligomeric groups was then mixed with the solution containing the other grafting 
material, and 50.0 g of water were then added to the combined solutions. The resulting solution was mixed 
until a homogeneous, clear solution was formed. An SIPN solution was then prepared by adding to the homo- 
geneous solution Just prepared 1 5.0 g of a 20% by weight solution of a copolymer of dlmethylamlnoacrylamlde 
and vinyl pyrrolidone in water (Copolymer 845, GAF Chemicals Corporation). This addition was followed by 
stirring at room temperature until mixing was complete. 

A transparent ink-receptive layer was formed by coating the SIPN solution onto PVDC-primed and gela- 
tin-subbed polyethylene terephthalate film having a caliper of 100 micrometers ("Scotchpar" Type PH primed 
and subbed film) by means of a knife coater adjusted so as to apply a liquid layer having a wet thickness of 
125 micrometers, followed by drying in a forced air oven at a temperature of 90 e C for frve minutes. 

Though some curl still occurred, it was less than for other SIPN layers that utilized Copolymer 845 as the 
absorbent component but did not employ the backbone polymer with pendant oligomeric groups. Attempts at 
incorporating higher levels of oligomer in order to further eliminate curl resulted in gelling of the solution of back- 
bone polymer, as illustrated in Comparative Example D. 

Example VII 

The purpose of this example is to illustrate the improvement in dimensional stability of SIPNs of the present 
invention used in ink-receptive layers that can be achieved when two matrix polymers having pendant 
oligomeric groups are used. 

A solution of a grafting material was prepared by dissolving 2.0 g of polyoxyalkyleneamine ("JefTamine" 
IVM000, Texaco Chemical Co.) in 18.0 g of methyl ethyl ketone. A first solution of a backbone polymer was 
prepared by dissolving 0.5 g of a copolymer of styrene and maleic anhydride ("Scripset 540\ Monsanto) in 4.5 
g of methyl ethyl ketone. The solution of the grafting material was added to the first solution of a backbone 
polymer and the resulting solution stirred for 1 5 minutes at room temperature. A second solution of a backbone 
polymer was prepared by dissolving 2.0 g of a copolymer of methyl vinyl ether and maleic anhydride ("Gantrez" 
AN-139, GAF Chemicals Corporation) in 18.0 g of methyl ethyl ketone. The solution so prepared was added 
to the first solution of backbone polymer and the resulting solution was stirred for five minutes. This solution is 
hereinafter referred to as combined Solution A. 

A solution of another grafting material was prepared by dissolving 0.3 g of 3-amInopropyltrlethoxysllane 
(Aldrich Chemical Co., Inc.) In 5.0 g of methyl ethyl ketone. The solution so prepared was added to the previ- 
ously prepared combined Solution A and the resulting solution stirred for five minutes. This solutio n is hereinaf- 
ter referred to as combined Solution B. A solution of another grafting material was prepared by dissolving 1 .3 
g of Isopropoxypropylamlne (Aldrich Chemical Co., Inc.) In 50.0 g of methanol. The previously prepared com- 
bined Solution B was then poured into the solution of isopropoxy propylamine grafting material and the resulting 
solution stirred for five minutes. 

The resulting combined solution was then diluted with 200 g of deionized water and placed in a vacuum 
chamber in order to reduce the amount of methyl ethyl ketone and methanol present in the solution to provide 
a solution of matrix polymer in which water was the primary solvent 

A first solution of an absorbent component was prepared by dissolving 1.0 g of polyvinyl pyrrolidone (K-90, 
GAF Chemicals Corporation) in 9.0 g of deionized water. A second solution of an absorbent component was 
prepared by dissolving 1.0 g of polyvinyl alcohol {"Vinor 540, Air Products and Chemicals, Inc.) in 19.0 g of 
deionized water. A third solution of an absorbent component was prepared by weighing out 5.0 g of a 20% by 
weight solution of a copolymer of dimethylaminoacrylamide and vinyl pyrrolidone in water (Copolymer 845, GAF 
Chemicals Corporation). The solutions of absorbent component so prepared were each mixed with a 20.0 g 
portion of the solution of matrix component, so as to produce three separate SIPN solutions which differed only 
in the identity of the absorbent components used. 

Each of the three SIPN solutions was applied onto PVDC-primed and gelatin-subbed polyethylene 
terephthalate film having a caliper of 100 micrometers ("Scotchpar" Type PH primed and subbed film) by means 
of a knife coater adjusted so as to apply a liquid layer having a wet thickness of 125 micrometers. Drying was 
conducted by means of a forced air oven at a temperature of 100°C for frve minutes. 

In the case of all three absorbent components, ink dry time using a Sanford Expresso pen was less than 
five seconds, and very little curl occurred. 
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Comparative Example D 

The purpose of this example is to illustrate the limitation on the degree of incorporation of oligomeric ma- 
terial that can be grafted onto a methyl vinyl ether maleic anhydride backbone polymer, and the adverse effects 
that occur when too much oligomeric material is grafted onto this backbone polymer. This example is to be com- 
pared with Example VII, in which higher levels of oligomeric material were grafted onto styrene maleic anhydride 
copolymer without gelling of the solution. 

A solution of the grafting material was prepared by dissolving 2.0 g of polyoxyalkyleneamlne ("Jeffamlne" 
M-1 000, Texaco Chemical Co.) in 20.0 g of methyl ethyl ketone. A solution of the backbone polymer was prep- 
ared by dissolving 2.0 g of a copolymer of methyl vinyl ether and maleic anhydride CGantrez" AN-139, GAF 
Chemicals Corporation) in 1 8.0 g of methyl ethyl ketone. The solution of the grafting material and the solution 
of the backbone polymer were combined, and the mixture gelled almost immediately. 

Example VIII 

The purpose of this example is to illustrate the use of qu eternized amine pendant groups in a matrix polymer 
for SIPNs of the present invention, and the improved humidity and fingerprint resistance that can be achieved 
when this material is used. 

A solution of a grafting material was prepared by dissolving 1.5 g of polyoxyalkyleneamine ("Jeffamine" 
M-1 000, Texaco Chemical Co.) in 13.5 g of methyl ethyl ketone. A first solution of a backbone polymer was 
prepared by dissolving 0.5 g of a copolymer of styrene and maleic anhydride f Scripsef 540, Monsanto) in 4.5 
g of methyl ethyl ketone, The solution of the grafting material was added to the first solution of backbone polymer 
and the resulting solution stirred for 15 minutes. 

In a separate vessel, a second solution of a backbone polymer was prepared by dissolving 2.0 g of a 
copolymer of methyl vinyl ether and maleic anhydride ("Gantrez" AN-169, GAF Chemicals Corporation) in 18,0 
g of methyl ethyl ketone. The solution so prepared was added to the first solution of backbone polymer and 
the resulting solution stirred for five minutes. 

A solution of a grafting material was prepared by dissolving 0.3 g of aminopropyltriethoxysilane (Aldrich 
Chemical Co., Inc.) in 5.0 g of methyl ethyl ketone. A second solution of a grafting material was prepared by 
dissolving 1.2 g of 3-dimethylaminopropy lamina (Aldrich Chemical Co., Inc.) in a blend of solvents containing 
20.0 g of methanol and 235.0 g of deionized water. The first solution of grafting material was added to the com- 
bined solutions of backbone polymer and the resulting solution stirred for five minutes. The solution so prepared 
was then poured into the second solution of grafting material, to form a solution of matrix polymer. 

A solution of the absorbent component was prepared by dissolving 10.0 g of polyvinyl alcohol ("VlnoP 540, 
Air Products and Chemicals) In 190.0 g of deionized water. The solution so prepared was then mixed with the 
solution of matrix polymer. To this mixture of solutions was then added 15.0 g of 1N HCI, and the resulting sol- 
ution was stirred until mixing was complete (about 5 to 10 minutes), thereby forming a quaternlzed SIPN sol- 
ution. 

A transparent ink-receptive coating was formed by coating the quatemced SIPN solution onto a primed 
polyethylene terephthalate film which had been coated with an adhesion promoting sublayer containing silica 
particles and silanol adhesion promoters, as described in European Patent Office Application No. EP 0 301 
827. The film had a caliper of 75 micrometers. Coating was carried out by means of a knife coaler adjusted to 
apply a liquid layer having a wet thickness of 125 micrometers. The liquid layer was then dried in a forced air 
oven at a temperature of 100°C for five minutes. 

Drying time and tack time were good, and the layer was tack free even at a humidity of 90%. The dried 
coating was very resistant to fingerprints, and those fingerprints that did occur could be easily wiped off with 
gentie rubbing. When subjected to the tape coating adhesion test described in ASTM D 3359-87, some coating 
material was removed by the tape, indicating limited adhesion of the coating to the substrate. 

When the SIPN solution was not quaternized, the solution formed a hazy coating. 

Example IX 

The purpose of this example is to illustrate the use of a blend of polymers for the absorbent component to 
improve the adhesion of a coating formed from ah SIPN of the present invention. 

A first solution of an absorbent component was prepared by dissolving 10.0 g of polyvinyl alcohol ('Vinol" 
540, Air Products and Chemicals, Inc.) in 190.0 g of deionized water. A second solution of an absorbent com- 
ponent was prepared by dissolving 2.0 g of polyvinyl pyrrolidone (K-90, GAF Chemicals Corporation) in 18.0 
g of deionized water. 



12 



fret and $ eCr 

sP M **S-dW«» .^ ean Pate* 
^V^" Rented * 

. e^ampte Vttl b IV Tape test. 
Ns having on»yP 

• \ 0 secondary 
along me backb° ne P° » d 

^ ycfor d C r^ dup ° ... ****** 



.prising ne ** ter e 



EP0 482 837 A1 



5. The composition of Claim 2, wherein said water-soluble polymer contains vinyl lactam groups. 

6. The composition of Claim 5, wherein said vinyl lactam is polyvinyl pyrrolidone. 

7. The composition of Claim 2 ( wherein said water-soluble polymer is polyvinyl alcohol. 

8. The composition of Claim 1, wherein said matrix polymer has the stmcture: 




wherein 

2 represents a monomeric unit selected from the group consisting of acrylonitrile. ally! acetate, 
methyl acrylate, methyl methacrylate, methyl and higher alkyl vinyl ethers, stilbene, isostilbene, styrene, 
vinyl acetate, vinyl chloride, vinyl ethers have up to 18 carton atoms, vinylpyrrolidone, divinylether, nor- 
bornene, chloroethylvinyl ether, and vinylidene chloride; 

R 1 represents a divalent alkyl group; 

R2, R* and R 4 Independently represent alkoxy groups having up to 5 carbon atoms; and 

R6 represents a substituted or unsubstftuted alkyl group or a substituted or unsubstltuted aryl group. 

9. The composition of Claim 8, wherein R 1 represents a propyltriethoxysilane group. 

10. The composition of Claim 8, wherein R s represents a methoxyethyl group. 

11. The composition of Claim 8, wherein R B represents a methoxypropyl group. 

12. The composition of Claim 8, wherein R 5 represents an ethoxyethyl group. 

13. The composition of Claim 8, wherein R 5 represents a 6-caproic acid group. 

14 The composition of Claim 8 t wherein R s represents a polyoxyalkylene group. 

15. The composition of Claim 8, wherein R 5 represents an isopropoxypropyl group. 

18. The composition of Claim 1 , wherein said crosslinked polymer comprises at least 20% by weight of the 
composition. 

17. A transparent film comprising a transparent backing bearing on at leat one major surface thereof a layer 
formed from the composition of Claim 1 . 

18. A film according to Claim 17, wherein said layer Is further overcoated with an Ink-permeable antl-tack pro- 
tective layer. 
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